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WHAT ARE HETXLLO-3RGANIC COMPOUNDS? 
l le ta l lo-orzanic  compounds are ones i n  which a m e t a l  is l i nked  t o  a lony 
chain carbon l igand  through a h e t e r o  atom such as 0, S ,  N, P o r  A s .  Films 
formed bl; t h e  thermal decomposition of  t h e s e  n e t a l l o - o r s a n i c s  are c a l l e d  YOD 
f i l m s .  111 orde r  t h a t  t h e  Droducts of decdmposition con ta in  only CO , H20, 
and i n  rare cases  n i t r o g e n  compounds, and t o  avoid S con ta in ing  p rozuc t s ,  
Purdue’s Turner Labcratory Dioneered t h e  use of a set  of metal lo-orpanic  
compounds f o r  ink f a b r i c a t i o n  where t h e  l i n k i n ?  h e t e r o  atom was oxygen. 
These inks  were made from commercially a v a i l a b l e  ca rboxy la t e s ,  o r  syn thes i zed  
from commonly a v a i l a b l e  r eazen t s .  The processing is descr ibed on pape 3, 
and the  molecular des i zn  c r i t e r a  on vao,e 4.  The p a r t i c u l a r  ca rboxv la i e s  o r  
amine ca rboxy la t e s  s e l e c t e d  were t h e  o c t o a t e s  o r  neodecanoates,  and they are 
descr ibed on page 5 with examples ,qiven on pages 6 ,  7 ,  and 3. Cirrrently,  
metallo-organic comDounds have been s e l e c t e d  f o r  25 elements as l i s t e d  on 
page 9 .  
WHAT AXE THE ADI’ANTAGES OF MOD FILIIS? 
Both t h e  advantazes  and t h e  problems involved with MOD f i l m s  are  l i s t e d  
on page 11. The ch ie f  advantaye f o r  m e t a l l i z i n g  pho tovo l t a i c  systems i s  t h e  
low f i r i n g  temperatures;  f o r  example, s i l v e r  f i l m s  have been f i r e d  on s i l i c o n  
wafers a t  temperatures as low as 25OoC. 
tiOD PROCESSING AND PROPERTIES 
The f i r s t  s t e p  i n  formulat inp sny ink was t o  assay t h e  p recu r so r  materi- 
a l s  and thermogravimetric a n a l y s i s  (TGA) r e s u l t s  are given on Dage 15. Low 
€ i r i n g  s i l v e t  f i l m s  are more imDortant i n  m e t a l l i z i n g  pho tovo l t a i c  systems 
but more work was done on gold and copper f i l m s ,  and they w i l l  be d i scussed  
f i r s t .  A very dense so ld  conductor f i l m  of nea r  t h e o r e t i c a l  s h e e t  resisti- 
v i t y  was develoned f o r  f i r i n g  on alumina s u b s t r a t e s .  The HOD gold f i l m s  had 
adhesion and u l t r a s o n i c  wire bondinp wrovert ies  t h a t  were b e t t e r  than con- 
ven t iona l  t h i c k  f i l m  :old. The orocessing of t h e  ?.‘OD p,old f i l m s  is desc r ib -  
ed on ?age 16. 
Adhesion is measured i n  terms of t h e  f o r c e  r equ i r ed  f o r  detachment of 
two adherinp, phases. Sena ra t ion  may t a k e  Dlace a t  t h e  i n t e r f a c e ,  o r  w i t h i n  
t h e  i n t e r f a c i a l  reZion, o r  i n  t h e  bulk of t he  weaker nhase. D i f f e r e n t  
measurement techniques r e f l e c t  d i f f e r e n t  f i a l u r e  mechanisms and are, the re -  
f o r e ,  not d i r e c t l y  comparable. For t h i s  s tudy ,  t h e  adhesion was measured by 
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a p u l l  test performed i n  a similiar manner t o  t h e  procedure developed by 
C. Kuo a t  CTS, by s o l d e r i n g  n a i l  head n i c k e l  wires t o  test  pads on t h e  sub- 
strates. The p re t inned  n a i l  head wires were clamped pe rpend icu la r  t o  t h e  
s u b s t r a t e s  and hand s o l d e r e d  with Indium Corp. of  America f l u x  IC1 and 
70Sn/18Pb/12In s o l d e r .  The gold pads were n o t  burnished o r  p r e t r e a t e d  be- 
f o r e  so lde r ing .  An I n s t r o n  T e n s i l  Tester w a s  used f o r  t h e  p u l l  test ,  and 
t h e  adhesion expressed i n  kg. The adhesion w a s  conisdered t o  b e  e x c e l l e n t  
i f  t h e  p u l l  s t r e n g t h  was 9 .5  kg o r  above. A f t e r  t h e  p u l l  test was completed, 
t h e  pads were inspec ted  f o r  t h e  f a i l u r e  mechanism. Each of t h e  t e n s i l e  test 
r e s u l t s  were c l a s s i f i e d  i n t o  t h e  f a i l u r e  modes desc r ibed  on page 17 .  
The i n i t i a l  tests with gold MOD f i l m s  showed very low adhesion, and on 
examining t h e  f r a c t u r e ,  i t  w a s  determined t h a t  t h e  s o l d e r  had completely 
allDyed with t h e  gold f i l m s .  These r e s u l t s  were no t  i n d i c a t i v e  of t h e  ad- 
hes ion  between t h e  gold HOD f i l m s  and alumina, b u t  r a t h e r  t h e  adhesion be- 
tween a Sn-Pb-In-Au a l l o y  and alumina. 
a d i f f u s i o n  b a r r i e r  l a y e r  o f  N i  o r  P t  w a s  i n s e r t e d  between t h e  gold and t h e  
s o l d e r .  Metal f i l m s  of platinum o r  n i c k e l ,  approximately 5000 angstroms 
t h i c k ,  were s p u t t e r e d  on to  t h e  adhesion test pads through metal masks. Be- 
f o r e  s p u t t e r i n g ,  t he  f i l m s  were cleaned u l t r a s o n i c a l l y  i n  acetone,  methanol, 
and D I  water. The coa ted  conductor  p a t t e r n s  w e r e  f l uxed  w i t h  Kester 15-44 
s o l d e r  f l u x  and dipped f o r  t h r e e  seconds i n  a 60SnI40Pb s o l d e r  pot a t  20OoC. 
Except f o r  a d i f f e r e n t  s o l d e r  composition and f l u x ,  t h e  p rev ious ly  desc r ibed  
procedure f o r  n a i l  head p in  at tachment  w a s  used. Both small p i n s  (diameter  
0.05 cm) des igna ted  S and l a r g e  p i n s  (diameter  0.09 cm) des igna ted  L, each 
having a head diameter  of  0.127 cm, were used because s e v e r a l  of  t h e  i n i t i a l  
f a i l u r e  modes involved b reak ing  t h e  p ins .  A summary of t h e  adhesion d a t a  
f o r  t h e  MOD f i l m s  i s  presented on page 18 along wi th  d a t a  f o r  Engelhard's 
convent ional  mixed bonded gold i n k  A-3770 and t h e i r  MOD (mercapt ide chemis- 
t r y )  ink A-3725 f o r  comparison. 
I n  o r d e r  t o  circumvent t h i s  problem, 
Wire bonding d a t a  f o r  t h e  NOD gold f i l m s  were ob ta ined  us ing  a Kulicke 
and Soffa  Ul t r a son ic  Wedge Bonder. The s e m i c i r c u l a r  l oop  geometry f o r  
a t t a c h i n g  A 1  wires t o  t h e  gold f i l m  is shown on page 19. Twenty f i v e  bonds 
were made on each sample.  The tes t  involved p u t t i n g  a small  hook through 
t h e  loop and p u l l i n g  t h e  w i re  t o  f a i l u r e ;  the load  and f a i l u r e  mode were 
then recorded. From a s i d e  view of t h e  wire loop,  t h e  banded ends look l i k e  
f ee t ;  thus the  f a i l u r e  modes were desc r ibed  as a "heel break" o r  a "foot 
l i f t " .  For a f o o t  l i f t ,  t h e  f a i l u r e  occurs  by t h e  aluminum wire l i f t i n g  o f f  
of t he  gold conductor,  and i t  may o r  may not b r i n g  t h e  conductor with i t .  
A h e e l  break refers t o  a f a i l u r e  mode i n  which t h e  aluminum wire breaks 
ad jacen t  t o  t h e  bonding area where i t s  diameter  was reduced du r ing  t h e  
bonding ope ra t ion .  In  g e n e r a l ,  a h e e l  break i s  t h e  d e s i r a b l e  f a i l u r e  mode 
because i t  i n d i c a t e s  t h a t  t h e  aluminum wi re  t o  gold conductor bond was 
s t r o n g e r  than the  aluminum w i r e  a f t e r  bonding. However, both t h e  mean p u l l  
s t r e n g t h  and the f a i l u r e  mode are  func t ions  of  t he  machine parameters and 
the  bonded wire geometry. The wire bond r e s u l t s  f o r  25 tes ts  on each of t h e  
MOD gold f i l m s  along with t h e  r e s u l t s  with convent ional  t h i n  and t h i c k  f i l m s  
are presented on pase 21. A summary of t he  e f f e c t s  of  a d d i t i o n s  t o  gold i n  
t h e  f i l m s  is  given on page 21 ,  and a summary of t h e  Au f i l m  p r o p e r t i e s  i s  
given on page 22. 
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A s c r e e n  p r i n t a b l e  copper ink,  developed from an aqueous s o l u t i o n  of 
copper n i t r a t e  t r i h y d r a t e ,  produced s o l d e r a b l e  Cu f i l m s  wi th  good electrical  
conduc t iv i ty  and adhesion on POS s u b s t r a t e s .  
page 23 and t h e  processing on page 24, pnd t h e  Cu f i l m  p r o p e r t i e s  are  
summarized on page 25. 
The chemistry is l i s t e d  on 
S i l v e r  i n k s  t h a t  could be s c r e e n  p r i n t e d  o r  i n k  j e t  p r i n t e d  were fo r -  
mulated, and dense Ag f i l m s  with good coirductivity and good adhesion were 
obtained when they were f i r e d  on several s u b s t r a t e s .  The procedure f o r  
making s i lver  neodecanoate is given on page 26, and t h e  processing of s c r e e n  
p r i n t a b l e  and ink  j e t  p r i n t a b l e  i n k s  are  given on page 27. S u b s t i t u t i o n  of  
w t e r p i n e o l  f o r  xylene w a s  necessa ry  Yor t h e  sc reen  p r i n t a b l e  ink  because of  
t he  high vapor p r e s s u r e  of xylene.  A summary of t h e  Ag f i l m  p r o p e r t i e s  i s  
given on page 28. 
s o l d e r  l each  r e s i s t a n c e  f o r  convent ional  t h i c k  f i l m s ,  b u t  t h e  MOD f i l m s  are 
SG t h i n  t h a t  4 w/o P t  was r equ i r ed .  
It should be  pointed o u t  t h a t  1 w/o P t  i s  adequate  for 
WHERE ARE WE? 
The metallo-grganic i n k s  t h a t  hawe been formulated du r ing  t h e  l a s t  
t h r e e  yea r s  i n  the  Turner Laboratory a t  Purdue Un ive r s i ty  a long  w i t h  t h e  
p r o p e r t i e s  of t h e  f i r e d  !!OD f i lms  are summarized on pages 30 and 31. A 
g r e a t  d e a l  of a d d i t i o n a l  work must be done i n  t h e  area, and w e  have on ly  
sc ra t ched  t h e  s u r f a c e  of what might be  accomplished with low f i r i n g  
temperature m e t a l l i z a t i o n .  
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2. WHAT ARE THEIR ADVANTAGES? 
3. I O D  PROCESSING A t 0  PROPERTIES 
4. WHERE ARE WE? 
Page 3. MOD Film Processing 
CCbWON SOLVENT 
+ 
RHEOLOGY AD JUSTORS 
I t  
PRINT, SPRAY, DIP. ETC 
[RAW] 
+ 
HEAT 
(CONDUCTOR] 
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Page 4. Molecular Design Criterion 
1 .  As the choln length 01 the orgonlc rodlcal increases: 
a )  the solubility of the c m u n d  i n  organlc solvents 
b)  the metal .,went o! the conpound decreases. 
Increases; 
2. The solublllty of  the conpound Increases I f  the organic 
radical is branched. 
Page 5. 
NolwAL OCTOATE 
O H H H H H H H  
I I 1 I I 1 I I 
- 0 - C - C - C - C - C - C - C - C - H  
A i A A h i A  
BRANCHED OCTOATE 
2-ethyl hexoote 
0 C2H5 
- 0 - C - C - H  
I 
c4Hg 
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ORIGINAL PAGE 13 
OF POOR  QUAL^^ 
Page 6 Structural Formula for Copper 2-Ethylhexoate 
C2H5 C2H5 9 
I 
H - C - C - 0 - CU - 0 - C - C - H 
I I 
C4H9 C4H9 
Page 7. Structural Formula for Silver Neodecanoate 
O R3 
A9 - 0 - C - C - % 
I 
The nunber of carbon atoms i n  R1 + R2 + R3 - 8 
Page 8. Structural Formula for Gold Amine 2-Ethylhexoate 
I 
N- 
\ I  
/ I  
I 
I 
/ 
\ 
AU - 
i \ i  1 
C - C - CqHg I 
II I I 
I 
I 
I C2H5 1 
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Page 9. Turner Laboratory Compounds 
2 -ETHY LHEXOATES 
B1, Cd, to. Cr, Cu, Go. In, Ir, NI, Pb, Rh, Ru, Si, Sn. Y,  Zn, Zr 
M I N E  2-ETHYI HEX04TES 
Au, Pt 
NEODECANOATES 
Ag, Ba 
B Pyrldlne 
Pd Acetote 
Sb Eu,toxlde 
T i  2-Ettivlhexoxide 
Page 10. 
1, WHAT ARE HETALLO-ORGAN I C COMPOUNDS? 
2. WHAT ARE THEIR ADVANTAGES? 
3. MOD PROCESSING AND PROPERTIES 
4, WHERE ARE WE? 
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Page 11. 
ADVANTAGES F A B W T I O N  PROBl FMS 
EL I N  INATE VARIATIONS 
I N  INGREDIENT MTERIALS 
ELI MINATE VARIATIONS 
DUE TO BLENDING 
VARIETY OF PRINTING 
TECHNIQUES POSSIBLE 
LOWER FIRING 
TEMPERATURE 
IMPROVED WIRE BONDING 
REDUCED LASER TRIM 
EFFECTS 
P I N  HOLE FREE 
FORMULATION 
INK 
FlLN 
CORONENTS 
PROPERT I& 
CONDUCTORS 
RES I STORS 
DIELECTRICS 
L 1 MI TED INFORMATION 
AVAILABLE ON PURE 
COMPOUNDS 
LOW I NORGAN IC 
CONTENT 
NORE DIFFICULT OT 
CONTROL VISCOSITY 
LARGE VOLUNE OF 
VOLAT I LES 
HIGHER SHEET RES I STANCE 
RESISTANCE RANGE MY 
BE LIMITED 
D I ELECTR I C  CONSTANT 
VALUES RAY BE LIMITED 
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1. WHAT ARE METALLO-ORGAN I C  COMPOUNDS? 
2 .  WHAT ARE THEIR ADVANTAGES? 
3 .  HOD PROCESSING AND PROPERTIES 
4.  WHERE ARE WE? 
TO DEVEL~IL I t ,  " IFILK GOLD CONDUCTORS 
TO I f K R E A S i  THT R E L I A B I L I T Y  OF ULTRA- 
SONIC ALUMINUM WIPE BONDS. 
A P P L I  CA ''ON 
-- 
NEXT GENERATION OF HYBRID MAYUFACTURING 
TECHNOLOGY. 
?age 13. 
PROBLEI? 
TO DEVELOP THICK F I L M  GOLD CONDUCTORS 
TO INCREASE TPE R E L I A B I L I T Y  OF ULTRA- 
SON I C  ALUM I HUM W I RE BONDS. 
APPLICATION 
NEXT SENERATION OF HYBRID MANUFACTURING 
TECHNOLOGY. 

ORIGINAL PAGE i& 
OF POOR QUALITY 
Page 15. TGA Results 
Saturated solut ions heoted i n  a i *  lit ;0”C:’afr6. 
Comoound 
~ 
Ag neodecanoate 
Au amlne 2-ethylhexoate 
P t  am I ne 2-e thy 1 hexoa t e  
B l  2-ethylhexoate 
Cu 2-ethylhexoate 
Rh 2-ethylhexoate 
Pd acetcte tr imer 
1 d l 0  P , . : G K t  - i!KQ!lkL-- -- - --- . - _- - 
250 15 kg 
600 13 A u  
400 18 P t  
350 16 Biz03 
300 4 CUO 
225 8Rh 
225 3 PdO 
Page 1 6. Processing Gold Films 
1. ASSAY MOD PRECURSORS 
2. M I X  MOD COMPOUNDS +3 w/o PENZOIL‘: MINERAL JELLY # 2 0  
3 .  PLACE SOLUTlON I N  AN OPEN BEAMP.  AT M°C UNDER A VACUUM 
OF 67 Pa FOR 24 HOlJRS 
4. SCREEN PRINT WITH AREflCO 3100 ON 3M’S AlSlMag 838 SUBSTRATES. 
325 MESH S.S. SCREEN 
5. RATCH FIRE THE SAIqPLES 
feauence 1: 10 minutes each a t  the f9l lowlng t m e r a t u r e s :  
Seauence 2: sane as above except reducing the second tem- 
Seauence 3: 
120, 350, 500, 850’C 
Derature to  300°C and f i r i n g  for 20 minutes 
IR drYlna + 85OoC/10 airlutes 
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dIGlNAL PAGE iS 
OF POOR QUALIW 
Page 17. Adhesion Failure Modes 
A. Sewration of the wd fraa the substrate 
B. Sewratlon wlthln the solder fillet 
C. Seoamtlon betwen the wire md the solder flllet 
D. Fracture of the substrate 
E. Pin breoks 
Page 18. Summary of Adhesion Data 
Colwsltlon (WO)' &rrler Pin Lwd (kg) failure node 
B I  Cu W L O W  SlZe S.D. A B C D E 
1.5 - 1.5 
1.0 - 1.5 
0.5 - 1.5 
0.25 - - 
1.5 
1.5 0.1 1.5 
1.0 0.1 1.5 
- -  
0.25 1.0 - 
Pt 
Pt 
111 
Pt 
Pt 
nt 
Mi 
Nl 
MI 
N1 
N1 
Pt 
5 9.1 0.6 1 - - - 4 
L 8.1 2.3 10 8 1 - - 
L 8.8 1.8 1 1 - - - 
S 7.0 1.1 9 1 - - - 
L 7.2 2.8 10 - - - - 
L lo.? 1.9 5 - - 3 - 
s 7.b 1.0 3 3 - - - 
L 8.7 1.0 1 2 - - - 
S 3.1 1.5 6 - - - - 
L 9.5 1.2 3 7 - 2 - 
L 7.6 1.8 3 5 3 12 2 
s 7.3 1.2 9 1 - 3 - 
A-3770 
A-3770 
A-3725 
W l  L 5.9 1.8 12 - - 1 - 
IKw\e L 5.9 1.5 10 - - 3 - 
N l  L 4.2 1,2 11 - - - - 
'Inks also mtalned 0.1 w/o w1, balance Au. 
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ORlGINN. PAGE 19 
OF POOR QUALITY 
Page 19. Ultrasonic Wedge Bonder 
MIDEL 484 
KULICKE + SOFFA 
S/N 1904 
FOOT TO FOOT 
LINEAR DISTANCE - ,125 2 ,001 an 
BONDED WIRE HEIGHT C ,035 an 
AI WIRE (1 n/o nS) 2 5 p  THICK 
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Page 20. Aluminum Wire Bond-Test Results 
Flrlng No. of w/o El. Pull Strength (g) Fallure nw)e 
SeQlence L m r s  kal S.D. H.B. F.L. 
12 2 0.5 5.24 1.89 3 22 
n 2 1.0 S.24 1.79 9 16 
12 2 1.5 6.26 1.27 1 24 
rz 2 2.5 6.78 1.03 19 6 
Ir2 3 0.5 7.16 1.45 8 17 
12 3 1.0 9.58 1.20 20 5 
R 3 1.5 9.16 2.23 8 17 
12 3 2.5 8.28 1.15 25 - 
lclr 3 1.5 7.28 1.07 25 - 
8.04 1.23 25 - 
x4 3 1.5 8.32 0.95 22 3 
Cornrent loml thln f 11m 11.18 1.03 25 - 
Convent Ion01 thlck f Iln 7.9 1.3 24 1 
Page 21. Additions to MOD Gold Films on Alumina Substrates 
wr 
Lu 
pt 
or 
p4 
M 
AT LEAST 0.1 w/o Rh IS NEtDED FOE FILt! FORJMTlO!l. 
ADDITIONS OF 1.0 w/o Cu DOUBLE THE os WITH MO 
SIGNIFICANT EFFECT ON ADHESION WHILE ADDITION 
OF 0.1 w/o IRPROVED ADHESION AND AI WIRE BONDIN 
PROPERTIES WITHOUT DRASTIC EFFECTS On Os. 
EITHER Pd OR Pt IRPROVES ROOn TEISPERATURE WIRE 
BONDING AND ADHESION PROPERTIES WITHOUT SIGNI- 
FICANTLY CHANGING THE Os. SINCE W OR Pt ALS9 
InPROVE THE SOLDER LEACH RESISTANCE OF Au F I L S  
4 . 5  w/o WAS ADDED. 
BISHUTH INCREASES ADHESION AND WIRE BOWDING 
PROPERTIES AND THE OPffMKI RAY BE 1.5 w/o B i .  
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Page 22. Au Film Properties 
1. Ror mterlols ore Dure generlc mterlols - micx 
con fabrlcote fllw from the fomlos. 
2. Fi lms con be crnmntlmllv wocessed. 
3. Films hove better odhwlon ond wlre bondlno Dropertles 
than corPrclol thlck flla. 
4. The film resistlvlties OOOICQC~ that exoected for Dure gold. 
5. The alcrostructure shars that the fllrs ore ven derw 
ond thlckness aeosurerrnts shar that the fllrs ore 
O.S/rlloYtr. 
Page 23. Chemistry of the Copper Ink 
h. --- - -- COMPOUND 
Cu nttrote trlhvdrote 67.4 
water 28.8 
m h v l  cellulose 
~#)oo CP graie) 
2.2 
boron oxlae 0.9 
Ross Ulaa's Foan Burst 370 0.7 
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Page 24. Processing Copper Films 
1. The ws odded to the m e r .  The e t h y l  cellulose 
yos then added. and several hours were necessary fo r  i t  
t o  dissolve. Next the Cu n l t r a t e  MIS added, OM af ter  I t  
dlssolved the FOCR Burst rms added. The Ink was allowed t o  
stand for  one dw. 
2. The ink yos screen Drlnted through a 165 mesh S.S. screen 
on POS substrates. 
3. TIM! best flrlng seauence wos t o  a l r  dry a t  SO OW^ hour + 
a l r  dry a t  2300uzO mlnutes + f i r e  In a 4% 9196% $ 
aaosPhere a t  650%20 mlrmtes. The sanoles were cooled 
t o  ~OOOC before they were rema from tte 91% otmowttere. 
. 
Page 25. Cu Film hoperties 
1. A one lover f i l m  (8m th ick) fire2 on XS gave 
14 mn/sW/25 p ,  onother two lover film (9.9 jr~ 
thlck) f i r ed  on POS gave 19 mn/sci/25 p. 
2. For room teinuerature aging. the sheet resistance 
increased by 00.5% i n  the f l r s t  few hours, re- 
mined constant f o r  t lnes to 400 iaurs, increased 
t o  5% af ter  lo00 hours, then r w l n e d  constont 
to 2000 hours. 
3. Sanoles were dip soldered with 63% Sn - 37% pb at 
250'~ - fi lms were c m l e t e i v  tinned. 
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Page 26. Synthesizing Silver Neodecanoate 
CgHlg COOH IiHqOH 3 CgHlg COONH4 + H2C 
1. The acid was added to base and stirred, a clear solution 
resulted, 
2. The A M I 3  olus sane H20 nos added ond stlrred and a white 
cloudy Dot resulted. 
3. xylene was added ( 25 cc for 10 9 ac id )  and 2 imislble liauids 
Liauid 1 is $H19 COOAg in xylene 
Liauid 2 is w H , q  too) 
were formed. 
4. The liauids were Poured Into a stowred funnel and the 
bottm liwld WIS removed. This aOre llQuid WS the 
NHqy (oa) solution. 
5. The too solution wos filtered md additional xylene was 
removed by bubbling air through the solution until a 
saturated solution nos obtained. 
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Page 27. Processing Silver Films 
1. After addlngdterolneol  to o mlxture o f  saturated xylene 
solutions o f  both As neodecanwte and P t  mine 2-ethyl- 
hexwte the solvents were exchanged. 
2. Ethyl cellulose In d- terolneol rms added t o  odjust the 
rheology for  screen Prlntlng. 
3. The Ink MIS screen wlnted through a 325 mesh screen on 
vorlous substrates. 
4. The Ink rms dried a t  lMoVIO mlnutes then flred a t  
150+350% f o r  va r lws  tlmes. 
INK JET PRINTING 
1. Soturated xylene solutions of  As neodecomte ond 
P t  mlne 2-e th~ ;kxwte  uere d i rect ly  Prlntable. 
2. The alunlno substrates were Preheated to 3OoC 
and m s t  of the xylene rms removed durfng the 
Drlntlng. 
3. The substrotes were heated to 2100VlO mlnutes 
then fired at  250~~/10 minutes. 
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Page 28. Ag Film Properties 
1. Silver films have been successfully Prlnted and flred on 
alunino, POS, ITO, glass ond Si at tenuerotures os Ion 
as 2 5 0 ~ ~ .  
2. These films wss the "Scotch Tope" test for adheslon. 
1. Films have been successfully flred on alunlm substrates 
at  2 ~ 0 ~ ~ 1 0  minutes. 
2, Lines have been Printed as narrow as 7 mils on A l S l f b g  838 
through 0 3 mil orfice on the Ink jet prlnter. 
3. A film with ccmosltion 4 w/o Pt/96 w/o Ag remained after 
30 seconds in 63 Sn - 37 Pb solder but If the Pt nas re- 
duced to 2 w/o solder leaching was observed. 
4. Sheet resistance values as low os 0 . 0 6 N s q  have been 
obto ined. 
Page 29. 
1. WHAT ARE METALLO-ORGANIC COMPOUNDS? 
2.  NHAT ARE THEIR ADVANTAGES? 
3.  NOD PROCESSING AND PROPERTIES 
--f 4. WHERE ARE WE? 
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Page 30. Where Are We 
AI! 
A MOO w1d Ink contalnlng Rh, Bi, Cu, and P t  o r  Frc ilas m n  
develoPed fo r  screen Drlntlng on olunino substrates and pro- 
duces a very dense f l l m  nith near thearetlcol sheet re- 
sistance. The HIID gold f i lms  hod adhesion ond ultrasonic 
aluninun wire bonding Drowr t ies  that  nere better than con- 
ventlonal th ick f i l m  golds. 
cu 
A screen or intoble CODOer ink wos develoDed from an aQueous 
solut ion of cower n l t r o t e  trihydrate, boron oxlde and 
methyl cel lulose thot Droduced solderable Cu f l lms  n l t h  
good conductlvl ty and good adhesion when f i r e d  i n  a re- 
duclng atmosohere on WS substrates. 
Page 31. Ag 
1. Si lver Inks that could be screen pr inted were formulated 
from Ag neodecanoate, P t  amine 2-eth~lhexoote, ethyl 
cel lulose and d-terpineol .  
2. Si lver inks that could be ink j e t  pr inted were formulated 
from 0 xylene solut ion o f  Ag neodecanoote and P t  amine 
2-eth~ihexoate. 
3 .  The MOD inks were f i r e d  i n  a i r  as low os 2M°C to  Produce 
a Ag f i l m .  
4. Adhesion was good on a l l  substrates investigated - alumina, 
POL ITO, glass, s l l i con .  
5, Fired f i lms containing 4 w/o Pt/96 w/o Ag were solderable. 
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DISCUSSION 
WNG: You mentioned, I am referring tb silver, about 250% becomes a safe 
temperat. e. Is this the E A  data? 
G. VEST: Right. Fired at IOo per minute. 
WOW: OK, so IOo per minute is the heating range. What is the equilibrium 
de po s i t i a! temperature ? 
G. VEST: We really haven't done that much with silver, but I do know that we 
fired, in air, just putting it in the furnace for 10 minutes at 220° 
and we got a silver film. 
WONG: OK. Again, what is the sheet resistivity at that temperature - 60 
milliohm per square? 
G. VEST: No, that was on the silicon; we just printed it very quickly on the 
silicon. 
measuring it with a ruler, so it's about 60 milliohms per square, but 
that was very, very thin, it may.be 1000 to 1500 Angstroms; again, I was 
measuring it with a ruler, so I hate giving very accurate sheet 
resistivities. 
I didn't know how to caiculate how many squares and I was 
WONG: You think it is possible to go even lower than 220OC? 
G. VEST: I don't know, we haven't tried. 
WONG: Are you going to try? 
G. VEST: Yes. My students say they were trying 210°C, but that's today. 
NICOLET: I am very curious to know what scientific logic or inspiring 
intuition led you to pick rhodium to create a uniform thin foil rather 
than osmium or molybdenum or whatever. 
G. VEST: Ue really haven't tried to optimize and look at same of those. 
like bismuth for chemical bonding, we wanted something that worked that 
had a small amount of foreign material in there. A lot of the 
literature had rhodium; we just picked it. 
tried. 
Just 
It's the only one we've 
SOMBERG: Would you care to coarnent about the adhesion properties of silicon 
relative to what we know about thick-film materials, since there is no 
frit to bond the silver to the silicon? Would you expect anything 
different from that system? 
G. VEST: With the silver, I don't know why, but it seems to bond to whatever 
we've tried without adding either any form of glass frit or 
metallo-organic t o  make an equivalent of a glass, or putting any 
chemical binders in there. 
I'm juet not that familiar with it. 
with silicon, as such. 
It's great, brit I don't really know why, and 
This is the first we've ever worked 
I did not clean the wafer; we are going to try 
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that when I get back. There were Honsanto wafers in a nice little 
supposedly clean container. 
the Physics Department or the E.E. Department; we just did this on 
Tuesday, just to see if we could get it to adhere, so it's probably 
dirty silicon. 
We borrowed one, I guess we got one from 
We haven't done any work with silicon. 
TAYLOR: Were these Monsanto wafers epitaxial wafers with a smooth surface? 
G. VEST: Yes. I have one, if you would like to see it. 
GALLAGHER: Have you ever mixed any of these precursors with a standard 
thick-film ink and blended it to see, for example, in the problem we 
have with Spectrolab, that you would get adhesions to the substrate? 
Yes, as you'll remember, Bob (R. Vest) was talking this morning G. VEST: 
about making the platinum ink. 
couldn't call it particles, I suppose there was a platinum, a coenercial 
resinate in there. 
The lowest particles - well, you 
GALLAGHER: I meant silver, excuse me. 
G. VEST: No, no, we've never had any funding on si!*?er. 
we've ever done anything is just that with the ink jet, it was cheaper 
than gold. 
The only reason why 
STEIN: Silver metallo-organics are often used in silver thick-film systems 
along with particles. 
GALLAGHER: That's a standard technique? 
STEIN: Yes. 
GALLAGHER: We never knew they were there. 
STEIN: Sorry? 
GALLAGHER: We never knew they were there, they were just there. 
STEIN: Yes. I don't know who you were talking to, but they are there. 
G. VEST: We have played arouqd a little bit. I shouldn't say we've done 
nothing, because we did do a silver film for an industrial application, 
though we did wind up having some silver metallo-organic in there. 
WOLF: I notice that your prints were rather thin but close to bulk 
conductivity, and your copper prints were rather thick but in an order 
of magnitude away from bulk conductivity. Was it very spongy or what, 
have you noticed anything about those copper films? 
G. VEST: N o ,  we really haven't looked at them. The copper-film work was just 
done to test feasibility with using those solution inks to see if we 
could make a film. We didn't proceed with that any further. 
PROVANCE: One of the severe limitations of the Midfilm process is that it puts 
the film down too thin to withstand the leaching effects of the solder. 
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I'm wondering i f  you have done any tests with the  s i l v e r ,  o r  any other  
meta l l iza t ion  t o  see what the solder  leak res i s tance  might be of these 
fi lms. 
R. VEST: We r e a l l y  haven't  done t h a t  much work with the  s i l v e r .  
PROVANCE: That might be one of the areas  fo r  f r u i t f u l  fu r the r  research,  
because the process is very i n t e r e s t i n g ,  but i n  ac tua l  appl ica t ion  i n  
the f i e l d  t h a t  is one of the very important cri teria.  
once you go below t h a t  mininum thickness on any of these pr in ted  f i l m s  
you begin t o  lo se  both adhesion, because of the leaching e f f e c t s  of the 
solder ,  and the  so lder  leaching system res i s tance .  In  o ther  words, the 
iih becomes p a r t  of the solder .  
We found t h a t  
G .  VEST: We did  s t i c k  the  s i l v e r  f i lm down i n t n  some solder  fo r  30 seconds 
Again, and they stayed there ,  but t h a t  was j u s t  a quick, d i r t y  test. 
had w e  had funding i n  s i l v e r  -- maybe w e  w i l l  ge t  t ha t .  
LANDEL: How much of the metallo-organic can you ge t  i n t o  your system? 
G .  VEST: With the ink jet  p r i n t e r ,  t h a t  is  a drop on demand, and again i t  
w i l l  be computer-controlled. 
l i k e  t o  have them. 
You could make them as th ick  as you would 
LANDEL: That 's  mul t ip le  coating. How much s i l v e r  can you get  i n  the  o r ig ina l  
ink i t s e l f ?  
G . VEST: We have about 15%, but w i t h  the  ink j e t  p r in t ina ,  which probably w i l l  
be the grea t  appl ica t ion  €or the  s i l v e r ,  we mix up 15 weight percent 
s i l v e r  i n  the  xylene solut ion.  
the drop has a r r ived  a t  the  subs t r a t e ,  the bulk of the xylene i s  gone, 
so we w i l l  have, very sho r t ly  the rea f t e r ,  s i l v e r  neodecanoate. 
what weight percent s i l v e r  i s  i n  that .  
We preheat the  subs t ra te ;  by the  time 
I forget  
LANDEL: But why i s n ' t  i t  5 % ,  why i s  i t  18x1 Why don't  you have more in  there? 
G. VEST: We have t o  ge t  the s i l v e r  neodecanoate soluble  i n  xylene. 
LANDEL: Have you t r i e d  another solvent?  
G. VEST: No, we haven't.  
LANDEL: Because the decanoate wovld be r e l a t i v e l y  inso luble  i n  the  
xylene, and s t r a i g h t  chain hydrocarbon would be a much b e t t e r  solvent.  
I th!nk the re  a r e  some things t h a t  I would be happy t o  discuss  with you 
i n  terms of ca l cu la t ing  loading e f f ec t s .  It should be possible  to make 
b e t t e r  than f i r s t -o rde r  ca lcu la t ions  a s  t o  what i s  a good solvent  f o r  a 
given metallo-organic system. 
G. VEST: I w i l l  say t h a t  the reason why we use s i l v e r  neodecanoate i n  xylene 
is  t h a t  is what GTE sold,  and we r e a l l y  d idn ' t  w a n t  t o  s ta r t  
synthesizing th i s .  We purchae3d i t  t h a t  way, 
299 
LANDEL: I have some papere from JPL, on other subjects, that would be very 
So you ought to be able to increase useful in optimizing the system. 
your concentration of the metallo-organics by quite a bit. 
G. VEST: That *ould be very interesting. 
SOMBERG: What are your intentions as far as further work with this is 
concerned? You mention you didn't have any funding. Maybe Brian 
Gallagher is the person to talk to here, but it seems very promising. 
G. VEST: If we get money, we would be delighted to do whatever we are asked, 
It does seem promising, it just doesn't have to study any application. 
much data. 
WONG: I'm thinking of the other side of your technique. Regardless 
solubility, what is the practical limit for you to lay down a * 
with your technique? What is the thinnest film you can deposiL 
thin film? 
Film 
'form 
G. VEST: We have always been worrying about how thick we can make, how thin, I 
We can get the solubility in xylene; you 
I have never gone 
really don't know right now. 
can add quite a bit of xylene. 
that way. At least, you would have to have a few molecules of silver 
neodecanoate to decompose, and again as they decompose they fire off the 
silver an atom at a time. I don't really know what the limit is for 
making the thinnest film. That would be interesting to work on. 
I really don't know. 
WOW: Do you really need 4% of platinum to get decent solderability -- 
G. VEST: We tried two and that didn't quite work, so we tried four. We have 
made two quick attempts. 
We haven't put anything in it. 
We are just playing around with the silver. 
STEIN: First, I'll make a cOmment about the question on solderability. You 
don't need any platinum for solderability, you need it for solder-leach 
resistance. You can solder to pure silver very readily, too readily. 
The other question that Wong asked about thin film: you can drop the 
thickness of these film8 in an almost infinitely continuous fashion. 
You can see it go through quarter wave length of light; you can get 
iqterference patterns; you can go down to discontinuous films. It is 
completely controllable. 
WONG: In other words, you can make transparent, mechanical films. 
STEIN: If you sandwich them, yes, but not by themselves. If you sandwich 
silver film of this sort between two dielectric layers and make a 
transparent film. 
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